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ment. The cellularity of the 80% BW group was decreased 37% compared to
0% BW (Sham). In the lateral compartment which experienced a decrease
in load, the 0% BW group was signiﬁcantly greater than the Control
and 50% groups. Region and depth speciﬁc comparisons across groups
exhibited similar patterns. The largest treatment effects were observed
in the superﬁcial center and mid center locations (medial and lateral
compartments).
Conclusions: A decrease in AC cellularity was observed in the medial
compartment following 12 weeks of increased chronic compressive loading
(50 & 80% BW). The largest decrease in cellularity appeared in the center
region where the compressive stress is thought to be at a maximum. In
contrast, a decrease in loading in the lateral compartment resulted in no
change or an increase in cellularity. Although minor degenerative changes
were observed with increased loading in the medial compartment, no gross
erosion of the AC was observed in these specimens. This work suggests
that decreased cellularity may be one of the ﬁrst histological observations
occurring in the degenerative response to increased chronic loading.
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Purpose: There are strong interactions between the subchondral (beneath
the cartilage) and cartilage. Repetitive impact loading has been shown
to induce subchondral bone changes resulting in a less compliant tra-
becular bone which thereby transfers excessive mechanical stress to the
overlying articular cartilage. In a previous study, in hip osteoarthritis with
10 μm images of micro-computed tomography using synchrotron radi-
ation, we have found substantial morphological and topological changes
in subchondral bone depending on whether or not covered by cartilage.
There was also a demineralization in situ within the trabecular bone
located in the subchondral areas of cartilage damage, while the same
subjects in areas which are not associated with alterations in cartilage,
the degree of mineralization was similar to the controls. We have also
demonstrated anisotropy changes of the micro-architecture of trabeculae
bone in the absence of cartilage. In this condition, the qualitative changes
of hydroxyapatite crystals (HAp)(Ca10(P04)6(OH)2) are not known. HAp
crystallites are one of factor governing the mechanical properties of bones
and the c-axes of the apatite crystallites are preferentially oriented in the
long bones in the directions of the stresses. The chemical composition
of bone can change with age and maturity and in some pathological
conditions.
Methods: For this aim, we performed one vibrational spectroscopy by
Fourier Transform Infrared (FT-IR) and one diffraction technique using
neutrons (neutron diffraction) which is an alternative method to X-ray
diffraction. The diffraction techniques yield some essential information
regarding the size, the strain, the morphology and the orientation of the
nanocrystals. The main advantage of the technique of neutron diffraction is
a great penetrating power of the neutron beam which permits very thick
(up to 1 cm) sections of bone to be examined. It provides a quantitative
assessment of the texture of the bone in terms of the orientation of the
HAp crystals. We used samples (8mm diameter, 10mm height) from 4
women with hip osteoarthritis, 4 were from the subchondral bone with
cartilage damage and 4 in areas without alteration of cartilage. Samples
were defatted to get a better signal to noise ratio and also eliminate the fat
rich in hydrogen which potentially interfere with the neutron diffraction
measurement. Neuton diffraction measurements were performed at CEA
Saclay Leon Brillouin Laboratory. For FTIR, fragment of the samples were
crushed and are put in pellet with KBr and analyzed with a Brucker IFS25
spectrometer (resolution 4 cm-1).
Results: With FTIR, the carbonation rate was 30% with identical spectra in
subchondral bone with or without cartilage. With neutron diffraction, the
size of the nanocrystals is about 100nm, the width of a diffraction peak
(hkl=002) is smaller than the width of the other diffraction peaks, pointing
out the anisotropy of the nanocrystals of all these compounds (needle
and/or platelet-like morphology) along the c axis. The c axis alignment
has been already identiﬁed to be the major feature of all textural calciﬁed
tissue and to inﬂuence mechanical properties. There was no difference
between subchondral bone covered or not by cartilage. In future work, in
order to reduce the incoherent scattering in neutron-diffraction, it would
be necessary to remove substantially all proteins.
Conclusions: Variations in biomechanical characteristics are probably due
to micro-architectural and degree of mineralization changes but not to
ultra-structural changes of HAp.
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Purpose: Recent data showed that subchondral bone plays an important
role in osteoarthritis (OA). Metabolic and morphologic modiﬁcations in this
tissue contribute to the degradation of the overlaying cartilage. It was sug-
gested that abnormal mechanical pressure applied to the articulation was
responsible to these changes. Here, we evaluated the effects of compression
on osteoblasts isolated from either nonsclerotic or sclerotic subchondral
bone.
Methods: Osteoblasts were isolated from sclerotic (SC) or non-sclerotic
(NSC) areas of human OA subchondral bone of 4 men. After 28 days,
osteoblasts were surrounded by a newly synthesized matrix and formed a
strong membrane. This osteoblasts-containing membrane was then placed
onto a Biopress Flexercell plate and submitted to compression (1.67 MPa)
for 2, 4 or 6 hours at the frequency of 1 Hz. The expression of COL1A1,
MMP-2, MMP-3 and MMP-13 was evaluated by real time RT-PCR.
Results: Basal COL1A1, MMP-2 and MMP-3 mRNA levels were signiﬁcantly
higher in SC osteoblasts than in NSC (1.5-fold, 1.5-fold and 2.9-fold,
p<0.01), while MMP-13 expression was not different. Two to six hours of
compression didn’t signiﬁcantly modify COL1A1 and MMP-2 gene expres-
sion in NSC or SC osteoblasts. MMP-3 expression was 23-fold increased
after four hours of compression in NSC and SC osteoblasts. After six hours
of compression the stimulating effect of compression we signiﬁcantly
higher in SC (123-fold) than in NSC (20-fold) osteoblasts (p<0.001). After
two hours or four hours of compression, MMP-13 expression was 2-fold
increased in NSC (p<0.05), but not signiﬁcantly increased in SC osteoblasts.
This stimulatory effect of compression on MMP-13 expression was not
observed after 6h of compression.
Conclusions: By contrast with MMP-2, MMP-13 and type I collagen, MMP-3
is a highly mechano-sensitive gene in OA subchondral osteoblasts. SC os-
teoblasts are more sensitive than NSC osteoblasts. These data indicate that
mechanical stimuli through the synthesis of MMP-3 could be responsible
for abnormal subchondral bone remodeling and subjacent cartilage matrix
degradation in OA. This ﬁnding offer new perspective of research to explain
the role play by mechanical stimuli in OA pathogenesis.
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Purpose: Compression creep testing is normally used to characterise the
mechanical properties of articular cartilage and is also one of the methods
used to detect chondrocyte remodelling of the matrix in collagen gels.
The test consists of applying a ﬁxed load onto a plane ended cylindrical
indentor and monitoring its displacement over time (creep curve). As
part of the development process of a novel dual axis construct simulator
designed to mimic the in-vivo loading regime of an articular joint, we have
studied the effect of indentor shape on creep curve parameters
Methods: Four plane ended indentors of different cross section, but with
the same cross sectional area of 200 mm2 were used for this investigation.
The cross sections were round, square and 2 rectangular shapes with a
length to width ratio of 2 and 4 respectively. The tests were carried out
on a creep testing rig and a load equivalent to a pressure of 300N/m2 was
applied to the indentor on a 4.5 mm thick collagen gel (rat tail collagen
type I, FirstLink, UK) for the duration of 300 seconds. Each test using a
different indentor was repeated 3 times using different gels.
Results: Figure 1 shows the average creep curves of displacement against
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time for the four different indentor geometries. The results show that
indentors of different cross section produce different creep curves, in
particular with reference to the initial gradient and ﬁnal displacement.
These differences were statistically signiﬁcant (p<0.05) when other cross
sections were compared with the round indentor.
Figure 1. Displacement against time curves for differently shaped indentors.
Conclusions: The results from this study indicate that indentors with a
rectangular cross-section produce a more rapid displacement compared to
the round and square indentors as a result of faster ﬂuid expression from
the matrix. Round and square indentors demonstrate lower initial gradients
when compared to the rectangular indentors, as a consequence of shorter
ﬂuid trajectories in the latter. This is of particular signiﬁcance in the devel-
opment of the simulator as a mechanism for reducing water content of the
gel matrix during loading, allowing control of the ﬂuid expression rate by
using an appropriately shaped indentor. These observations may also have
signiﬁcance in vivo since ﬂuid movement within articular cartilage matrix
is important for lubrication and nutrition; the results suggest that the
shape of the intra-articular contact area within joints may be signiﬁcant for
joint health.
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Purpose: It is well documented that appropriate mechanical loading is
anabolic and induces bone and cartilage formation via activating their
respective cells. Recently, mechanical signals have been employed for the
regulation of cartilage and bone growth, bone strength, as well as its struc-
ture. All, bone morphogenic proteins, growth factors and required signaling
molecules are induced by mechanostimulation of the bone. However, the
basis of cartilage/bone remodeling underlying such responses to loading is
still in emerging stages. The present study was designed to examine the
molecules(s) responsible for local and systemic responses of cartilage/bone
to mechanosignaling.
Methods: Following approval of the protocols by IACUC at The Ohio State
University, sprague-dawley females rats (4 months old; n=8/group) were
subjected to exercise on treadmill 45 minutes/day for 0, 1, 2, 5, or 15 days.
Subsequently, the femurs and tibia were harvested and analyzed for the
expression of various proteins in control rats and rats subjected to exercise
for various numbers of days. Examining the incorporation of calcien and
alizarin in bone over a period of one week monitored bone remodeling.
Messenger RNA and protein expression was determined by RT/PCR and
Western blot analysis, respectively.
Results: We observed that a glycoprotein, BRF, is signiﬁcantly upregulated
in the cartilage and trabecular bone by exercise. Furthermore, primary
cultures of chondrocytes/osteoblasts subjected to compressive forces also
exhibited upregulation of BRF expression. The data demonstrates that gene
deletion for BRF in mice resulted in highly mineralized and brittle bones.
Furthermore, the bones of these mice did not remodel in response to
exercise, and exhibited decreased trabecular bone formation as compare to
age and sex matched control mice. BRF was also found to be signiﬁcantly
upregulated within 4 and 8 hours in the serum of rats subjected to exercise
and gradually decreased in the ensuing 16 to 20 hours. Proinﬂammatory
cytokines suppressed the mRNA expression of BRF in chondrocytes and
osteoblasts in vitro. Furthermore, immunohistochemical analysis revealed
the presence of BRF in control rat cartilage and bone specimens, but its
Figure 1. Effect of exercise on bone deposition in WT and BRF-/- mice. Cross sections of a
femur from wild type (WT) mouse showing closely placed calcien and alizarin bands (a),
cross section of WT femur following 1 week of exercise showing bone synthesis during
1 week between calcein (green) and alizarn (red) bands (b). Cross section of a femur of
BRF-/- mouse showing minimal bone deposition before (c) and after exercise (d).
negligible presence in the inﬂamed cartilage and bones obtained from rats
with experimentally induced OA (Fig. 1).
Conclusions: Present studies demonstrate that BRF, (i) is a novel and
important mechano-responsive gene product that is produced in response
to exercise; (ii) the expression of BRF is required for loading-induced bone
remodeling, as its absence causes failure of bone remodeling in response to
exercise, and (iii) inﬂammation supresses expression of BRF, suggesting that
its loss may result in failure to repair bone/cartilage during osteoarthritis.
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Purpose: This study describes the temporal dynamics of contrast dis-
tribution in both cartilage and meniscus using two different doses of
Gd-DTPA2-.
Methods: 9 asymptomatic volunteers, (4 males) ages 23-28 years (mean
25) were examined twice (5-6 months between the examinations) after an
intravenous injection of Gd-DTPA2- at double and triple doses (0.2 and 0.3
mmol/kg body weight), respectively. The posterior horn of the meniscus
and the weight bearing femoral cartilage in both the lateral and medial
compartment were analyzed. Imaging with corresponding T1 analysis was
performed before and four times (60; 90; 120; 180 min) after the intra-
venous injection. In order to establish the concentration of Gd-DTPA2- in
the tissues, Delta R1 was calculated (Delta R1=1/T1Gd-1/T1pre, where T1Gd
is T1 after contrast injection and T10 is T1 precontrast). T-test was used for
the statistical evaluation.
Results: Precontrast, T1 was shorter in the meniscus than in the articular
cartilage. For medial meniscus and cartilage, T1 (ms, mean ± SD) was
520±37 and 611±27, respectively (p<0,001) (Figure 1). After contrast
injection, T1 decreased in a similar pattern for both meniscus and cartilage
(Figure 1). Accordingly, T1 was signiﬁcantly shorter in the menisci than in
the cartilage. For example, at 90 minutes T1 in the medial meniscus was
347±44 ms compared to 472±50 ms in the cartilage (p<0,001) (Figure
1). Delta R1 calculations showed that the concentration of Gd-DTPA2- was
approximately twice as high in the meniscus at all time points (Figure 2).
Figure 3 shows a trend towards lower T1 values in the lateral compared to
the medial meniscus at all time-points after injection (p=0.06-0.01). Figure
4 shows that both the double and the triple doses resulted in signiﬁcant
lowering of T1 values. As expected, the triple dose yielded lower T1 values
than the double dose, from >500 precontrast to 266±38 at 180 minutes
compared to 329±43 when the double dose was used.
